INTRODUCTION
============

Although the prevalence of dental caries has recently decreased in many countries, it is still the most common disease among children. Therefore, prevention of caries rather than treatment alone should be considered as an essential objective for dental health promotion. Fluoride therapy has been proven to be the most effective method of increasing enamel resistance to demineralization \[[@B1]\]. Topical fluoride is able to prevent the development or reverse the progression of initial dental caries \[[@B2]\].

Recently, lasers have provided a new method of caries prevention, and laser therapy has been investigated as an alternative method for modifying the tooth surface and increasing its resistance to acids \[[@B3]\].

Several studies have reported the effect of laser irradiation on tooth enamel, either alone or in combination with fluoride \[[@B4]--[@B6]\]. It has been demonstrated that combined application of laser and fluoride has a synergistic effect. Laser enhances the effect of fluoride on enamel structure both superficially by forming calcium fluoride (CaF2) and in its crystalline structure \[[@B7]\].

Several types of lasers have been used in combination with fluoride in previous studies. However, it is still unclear which one has the best outcome. Among these lasers, diode laser has a number of unique characteristics such as: low cost compared to other lasers, smaller size and easy application in the mouth because of the optic fibers. But, only a small number of studies have investigated the effects of diode laser on enamel structure \[[@B8]--[@B10]\]. Most of these studies have been conducted on permanent teeth and little information is available on caries prevention effect of lasers on primary teeth. It is reported that the pattern of caries development and prevention in primary teeth is to some extent different from that in permanent teeth \[[@B11]\].

Therefore, the aim of this in-vitro study was to evaluate the effect of diode laser irradiation combined with fluoride on primary teeth and to compare the effects of two different powers of diode laser on enamel. As enamel microhardness is correlated to its resistance to caries, we used microhardness test in this study.

MATERIALS AND METHODS
=====================

The teeth used in this study were primary molars extracted in the School of Dentistry of Shahid Sadoughi University of Yazd. Forty-five primary molars were selected among teeth without any visible carious lesions on their buccal and lingual enamel surfaces. The teeth were kept in distilled water at room temperature until used and during the study period. The root of each tooth was separated, and the crown was bisected into two halves, mesiodistally, using a low speed diamond disk providing 2 blocks (one buccal and one lingual). Enamel slabs (2×2×4 mm) were prepared from each block and then embedded in acrylic resin (totally 90 samples). The slabs were serially polished with 300, 600 and 1200 grit silicon carbide papers and with 0.2 and 0.05 microns alumina slurry, to achieve a flat enamel surface.

The baseline microhardness number of each sample was measured using Vickers microhardness tester (FM 700; Future-Tech Corp, Japan) with a pyramidal diamond indenter under a 50 gr/f load for 5 seconds. The Vickers microhardness number was measured by dividing the test force by the surface area of the indent. Microhardness of each surface was measured 3 times and the average was recorded as the baseline Vickers microhardness number. Then, the samples were randomly assigned to 3 groups each containing 30 samples: Group 1: Application of 5% NaF varnish (Topex DuraShield, Sultan, USA) on enamel surface.Group 2: Application of 5% NaF varnish on enamel surface followed by irradiation with diode laser (ARC Laser, Fox Germany) at a wavelength of 980nm with the power of 5 watt.Group 3: Application of 5% NaF varnish on enamel surface followed by irradiation of the same laser with the power of 7 watt \[[@B10]\].

The parameter settings used for both groups were: The laser was used in pulse mode.

And pulse duration and pulse interval were both 30ms.: 15Hz, optic fiber diameter: 600 μm and exposure time: 30 s. the irradiation distance was established at 5 mm using a custom-made holder and the enamel surface was exposed to the laser in scanning mode.

After 24 h the varnish was removed from the samples with a power tooth brush (Oral-B, Braun) and distilled water. Finally, surface microhardness numbers of all samples were re-measured under the same conditions as mentioned.

Statistical analysis
--------------------

The mean and standard deviation of baseline and final microhardness number and microhardness change during treatment was calculated for each group. Microhardness change was calculated by subtracting the baseline microhardness number from the post-intervention number.

Paired sample test was used to check the significant change between before- and after-treatment values in each group. To compare microhardness changes after treatment between the three groups, repeated measures ANOVA was applied as between subject comparison. Statistical analysis was carried out by PASW software (version 18 PASW). Type 1 error was considered as 0.05.

RESULTS
=======

In all three groups, enamel microhardness increased after treatment and the change was statistically significant in each group ([Table 1](#T1){ref-type="table"}) (P\<0.001).

###### 

Intra-group comparison of microhardness

  **Groups**      **Baseline Microhardness Mean (SD)**   **Final Microhardness Mean (SD)**   **Microhardness Change Mean (SD)**   **P value [\*](#TFN1){ref-type="table-fn"}**
  --------------- -------------------------------------- ----------------------------------- ------------------------------------ ----------------------------------------------
  Group 1(n=30)   367.7 (44.1)                           395.9 (53.7)                        +28.5 (40.2)                         0.01
  Group 2(n=30)   376.7 (39.3)                           415.0 (41.9)                        +38.2 (35.1)                         0.00
  Group 3(n=30)   396.4 (42.0)                           440.6 (46.8)                        +44.2 (35.8)                         0.00

Paired *t*-test (level of significance P\<0.05)

The results of repeated measures ANOVA showed no significant difference in amount of microhardness change between the three groups (P=0.264).

In other words, microhardness increase was equal and statistically significant in all groups (P\<0.001).

DISCUSSION
==========

The results of this study showed that fluoride application alone or in combination with diode laser irradiation with 5 and 7 W power increased the enamel surface microhardness of the primary teeth.

Several theories have been suggested regarding the mechanisms by which laser irradiation increases enamel resistance to caries, such as surface melting and re-crystallization of enamel hydroxyapatite crystals \[[@B12]\], reduction in permeability and solubility of enamel \[[@B13],[@B14]\], and deposition of calcium fluoride \[[@B15]\]. Many studies conducted using different types of lasers have shown significant enamel and dentin resistance to dental caries. The application of CO2 laser combined with fluoride has been proven to be effective for caries prevention in several studies \[[@B7],[@B16], [@B17]\]. Diode laser is now widely used in dental practice. However, its usefulness in combination with fluoride for caries prevention has been less studied. Moreover, the available data are mostly on permanent teeth \[[@B18],[@B19]\]. It has been shown that diode laser irradiation combined with fluoride application increases fluoride uptake in permanent teeth and thus is an effective method for preventing dental caries \[[@B9], [@B10]\]. Souza et al. reported that diode laser irradiation induces melting and resolidification of the enamel surface of primary teeth and through this mechanism, it increases the resistance of enamel to acids. Thus, it probably plays an important role in caries prevention \[[@B20]\].

In contrast to our results, Santanella et al. concluded that topical fluoride application improves the resistance of sound enamel more effectively than diode laser application in primary teeth \[[@B21]\]. Enamel surface microhardness is indicative of enamel mineral content and microhardness measurement has acceptable sensitivity to assess enamel resistance to demineralization.

Studies on the effects of laser on enamel microhardness show controversial results. Florin et al. found an increase in enamel microhardness by laser irradiation \[[@B22]\]. Majori et al. reported no change in enamel microhardness following laser treatment \[[@B23]\]. One study suggested that laser irradiation may decrease the enamel microhardness \[[@B24]\]. These controversial findings are probably due to different laser types, parameters and study settings.

Azevado et al. showed the same results as our study using Nd:YAG laser. They found that Nd:YAG laser was effective in decreasing demineralization depth both alone and in combination with fluoride gel/varnish \[[@B25]\].

However, comparison between the findings of the current study and those of previous studies is not simply possible. One reason is due to different parameters and settings used in the studies. Besides, most available investigations were carried out on permanent teeth. Fluoride may affect the primary teeth differently than permanent teeth.

The results of our study indicated that diode laser irradiation combined with fluoride treatment was able to increase enamel microhardness significantly but had no statistically significant difference from the group treated only with fluoride. We also compared two different laser powers. The amount of microhardness increase in 7 W group was higher than in 5 W group. However, the difference was not significant. It has been shown that the increase in pulp chamber temperature above 5.5° C may cause damage to pulp tissue \[[@B26]\]. Therefore, further studies are required to determine the best laser parameters with acceptable safety.A limitation of this in-vitro study was that it could not exactly simulate the clinical setting and also the effect of acid attacks was not clear.

CONCLUSION
==========

Diode laser combined with fluoride varnish was not more effective than fluoride alone to increase enamel resistance to demineralization. Further in vitro and in vivo studies are required.
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